During the course of investigations relatinjg to myxobacterial fish diseases, a number of nonpathogenic cytophagas were found which could grow anaerobically at the expense of carbohydrate fermentation. MIyxobacteria which are able to carry out fermentations have rarely been encountered in the past (Bachmann, 1955) . The present isolates invoked special interest because their fermentation appeared to be a C02-consuming, perhaps even a C02-requiring, process. They were, therefore, subjected to further study. This paper concerns the isolation and description of some fresh-water fermentative myxobacteria. The three strains included in this study are considered to be members of a new species, Cytophaga succinicans sp. n. Compounds that could serve as energy sources for anaerobic growth were determined by adding the test compounds in a concentration of 0.4 per cent to fermentation broth. Cellulose was added in the form of a filter paper strip. All compounds tested were sterilized by filtration except for the cellulose and starch, which were autoclaved. After inoculation the tubes were sealed with vaspar and were incubated at room temperature. The cultures containing lactose, cellobiose, and cellulose were observed for six weeks; all others were discarded after 1 week.
During the course of investigations relatinjg to myxobacterial fish diseases, a number of nonpathogenic cytophagas were found which could grow anaerobically at the expense of carbohydrate fermentation. MIyxobacteria which are able to carry out fermentations have rarely been encountered in the past (Bachmann, 1955) . The present isolates invoked special interest because their fermentation appeared to be a C02-consuming, perhaps even a C02-requiring, process. They were, therefore, subjected to further study. This paper concerns the isolation and description of some fresh-water fermentative myxobacteria. The three strains included in this study are considered to be members of a new species, Cytophaga succinicans sp. n.
MATERIALS AND METHODS
Media. Cytophaga agar, a medium used for the isolation and purification of strains, and for routine plating, consists of tryptone (Difco) Compounds that could serve as energy sources for anaerobic growth were determined by adding the test compounds in a concentration of 0.4 per cent to fermentation broth. Cellulose was added in the form of a filter paper strip. All compounds tested were sterilized by filtration except for the cellulose and starch, which were autoclaved. After inoculation the tubes were sealed with vaspar and were incubated at room temperature. The cultures containing lactose, cellobiose, and cellulose were observed for six weeks; all others were discarded after 1 week.
Analytical methods. Volatile acids were identified by chromatography on paper (Kennedy and Barker, 1951) after steam distillation. The presence of formate in the volatile acid fraction was confirmed by the colorimetric method of Grant (1948) ; the presence of acetate in the volatile acid fraction was confirmed by chromatography on paper after distilling to dryness over magnesium sulfate and mercuric oxide to destroy the formate (Friedemann, 1938) . Nonvolatile acids were identified by chromatography on paper (Brown, 1951) after extraction with ether. Lactate was tested for by the colorimetric method of 13arker and Summerson (1941) . Common neutral products were tested for by the methods of Neish (1952) . Residual glucose was determined 130 by the method of Folin (1928) and Kolmer and Boerner (1938) . Quantitative determinations of succinic, acetic, and formic acids were made by titration following separation by chromatography on cellulose columns. Chloroform with increasing concentrations of butanol was used as the solvent (Eaton and Klein, 1957) . Manometry was performed by conventional techniques (Umbreit, Burris, and Stauffer, 1945) . Turbidity measurements in the quantitative growth experiment were determined with a Coleman NephoColorimeter equipped with a green filter. The absorption spectrum of the pigment was determined with a Beckman model DU spectrophotometer.
RESULTS
Isolation. Myxobacteria are frequently encountered when material from the gills or lesions of diseased fish is streaked on cytophaga agar. While many of the myxobacteria isolated in this manner prove to be pathogenic for fish, many others are found to be avirulent and so are considered to be saprophytes or secondary invaders. A significant percentage of these secondary invaders have been found to be fermentative, thus obviating the need for artificial enrichment for the isolation of C. succinicans.
To obtain quantitative data on the number of fermentative myxobacteria in certain water samples, the following operations were performed: water samples were collected from various fish tanks5 at the University of Washington School of Fisheries. Aliquots (0.1 ml) of 10-fold dilutions of the samples were plated on cytophaga agar and were incubated aerobically at room temperature. After 3 days, the colonies of eubacteria and myxobacteria were counted. Most aquatic myxobacteria form distinctive colonies on cytophaga agar and so can readily be distinguished from eubacteria. Cytophaga colonies on this medium are translucent, iridescent, and contain patterns of light and dark areas due to diffraction of light. Chondrococcus columnaris, a common aquatic fruiting myxobacterium, also forms an easily recognized type of colony on cytophaga agar (Anacker and Ordal, 1959 figure 1 .
Although the colony described may be considered typical, variations may occur with respect to the type of margin, the type of diffraction pattern, and the relative tendency to spread. That these characters are variable is evidenced by the observation that several colony types may be found in a culture originally derived from a single cell. Colony morphology also depends on environmental factors, such as temperature, concentration of agar, concentration of nutrients, and the amount of moisture present. No attempt was made to define specifically the effects of these parameters on the appearance of the colony. Fruiting body formation by C. succinicans has never been observed either on cytophaga agar or on pieces of fish tissue submerged in water. The latter method was tried because it has been used successfully in demonstrating fruiting body formation by the aquatic myxobacterium Chondrococcus columnaris (Ordal, 1946; Borg, 1948; Rucker, Earp, and Ordal, 1953) .
Cells of C. succinicans are rod-shaped with rounded ends. Actively growing cells of strain 8 in nutrient broth or on cytophaga agar are 4 to 6 , long and about 0.5 ,u in diameter (figure 2). As the culture ages, the cells become shorter and slightly thicker, the dimensions being about 2 by 0.7 ,i (figure 3). Further aging usually results in protoplastlike involution forms (figure 4). Young cells of the other two strains investigated are in many respects similar to those of strain 8, but may differ in average length; some cells (or chains of cellular units?) of strain 14 grown in nutrient broth, for instance, may be more than 40 jAt long, although the average length is much less. Strains 14 and 16 do not manifest the tendency to form short cells as does strain 8. All of the strains are gram-negative.
Although flexing and bending of the cells is reputed to be a distinguishing feature of the myxobacteria, none of the cells of C. succinicans appear to be flexible; indeed they appear to be as rigid as those of many eubacteria. This may be due in part to the relative shortness of the cells, but even the long cells have not been seen to flex. Stanier (1947) , in his admirable discussion of the problems involved in distinguishing between myxobacteria and eubacteria, also noted that flexibility of the former is not invariably conspicuous.
The cultures have been examined under a variety of conditions for microcysts. Although the long viability (several months) of cultures in cytophaga agar deeps argues for the formation of some sort of resting stage by these myxobacteria, nothing which could indisputably be called a microcyst has been found. The very short cells formed by strain 8 (figure 3) cannot be considered microcysts because they are at times motile, and they usually eventually degenerate by lysing or by forming the spherical involution forms. Mloreover, very short, coccoid-type cells have been noted in other Cytophaga species as the predominant vegetative form even in very young cultures (Stanier, 1947) . The protoplastlike involution forms (figure 4) are also excluded as resting stages: they do not resemble microcysts in appearance, and cultures consisting primarily of these forms are often nonviable. This type of involution form has been noted in cultures of a number of other myxobacteria, including a marine fermentative species, Cytophaga fermentans (Bachmann, 1955) .
Although C. succinicans does not possess flagella, the cells exhibit gliding motility when attached to a surface. Gliding motility can be discerned by examining the edge of a colony on cytophaga agar with a high dry objective, preferably phase contrast. If the colony edge has spread into a monolayer (as in figure 1) NaHCO3 in 1.7 ml in the main compartment, 5.0 ,umoles of glucose in 0.2 ml in one side arm, and 0.1 ml of 5 N H2SO4 in the other side arm. The gas phase was 5 per cent CO2 in nitrogen and the temperature was 31 C. After tipping in the substrate, readings were made until the CO2 release due to metabolic acid production had stopped. The sulfuric acid was then tipped in to kill the cells and to release the bound C02. Appropriate controls were included to determine the initial bound CO2 so that the amount of CO2 fixed during fermentation could be calculated. The contents of the three experimental vessels were pooled and centrifuged to remove the cells, and a portion of the supernatant fluid was analyzed for residual glucose.
The fermentation acids in a 3-ml aliquot of the supernatant fluid were titrated with a microburette after separation by chromatography on a cellulose column.
No residual glucose could be detected in the experimental vessels at the end of the fermentation. Gas evolution in control vessels without glucose was negligible. The only products that could be detected were succinic, acetic, and formic acids. Fermentation balances for strains 8 and 14 are shown in table 3. Although a complete fermentation balance was not determined for strain 16, the amount of CO2 fixed during fermentation by a cell suspension was measured.
It was found that 3.2 Amoles of CO2 were consumed during the fermentation of 5.0 ,umoles of glucose. Thus it would seem that strain 16 jAmoles of NaHCO3 in 1.6 ml in the main compartment; 5.0 ,moles of glucose in 0.2 ml in one side arm; and 0.1 ml of 5 N H2SO4 in the other side arm. The temperature was 31 C and the gas phase 5 per cent CO2 in nitrogen. After tipping in the glucose, the action in the vessels was stopped at various times by tipping in the H2SO4. The amount of CO2 released from the bicarbonate by this operation was used to calculate the amount of CO2 fixed. The vessel contents were analyzed for glucose after removal of the cells by centrifugation. ferments glucose in a manner similar to that of the other two strains.
TAXONOMY
Cytophaga succinicans has been assigned to the order Myxobacterales because of its unicellular form and its gliding type of motility on surfaces. Because of its apparent inability to form microcysts or fruiting bodies, it has been placed in the family Cytophagaceae (Breed, Murray, and Smith, 1957) . In the past, all members of this family have been grouped into one genus, Cytophaga, because of the limited knowledge of their physiology. Such a policy, in our opinion, is a wise one and should be continued until much more information is available for assessment. The three strains described in this report, then, are considered to be members of the genus Cytophaga. Moreover, they are considered to Bachmann (1955) , who described a marine species which fermented glucose with the production of propionic, suceinic, acetic, and lactic acids. Borg (1948) had earlier reported isolating some fresh-water fermentative myxobacteria from young salmon inflicted with gill disease, but the nature of the fermentation was not determined and the organisms were not named. The survey described in the present report demonstrated that fermentative myxobacteria are common in certain waters, with C. succinicans in particular being a well established representative. It is known that other kinds of fermentative myxobacteria exist also. Borg (1948) , for example, noted that some strains could grow anaerobically in tryptone broth, indicating that they fermented some compound other than a carbohydrate. Also, some anaerobic organisms have been described which have certain of the characteristics of myxobacteria, but which were not classified as such. Thus Hungate (1950) , referring to Bacteroides succinogenes, an organism isolated from the rumen of cattle, noted that ". . . the cells migrate through the cellulose agar in a manner resembling the cytophagas"; Fusobacterium girans (Fusocillus girans), a nonflagellated anaerobe isolated from the human intestine and oral cavity, has been reported to exhibit swinging and flexing movements as well as gliding motility (Prevot, 1940; MacDonald, 1953; Berger, 1956) .
The main distinguishing features of C. succinicans are its CO2 requirement for fermentation and its ability to ferment glucose plus CO2 to suceinic, acetic, and formic acids. A number of other bacteria which yield these fermentation products from carbohydrates have been reported during the past few years. All of these bacteria, which include strains of Bacteroides (Hungate, 1950; Bryant and Doetsch, 1954; Hamlin and Hungate, 1956; Bryant et al., 1958) , Ruminococcus (Sijpesteijn, 1951) , Succinimonas (Bryant et al., 1958) , and Succinivibrio (Bryant and Small, 1956) , are obligate anaerobes which have been isolated only from the rumen of cattle and sheep. Succinate, acetate, and in some cases, formate, are the only compounds that have been detected as fermentation products from carbohydrates. In some cases, a net uptake of CO2 was observed. Although the fermentative mechanisms in these bacteria have not been investigated, it seems likely that they would be similar to that in C. succinicans. The pathway of fermentation in C. succinicans will be dealt with in a subsequent paper (Anderson and Ordal, 1961) .
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